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METHOD OF PREDICTING THE STRENGTH PARAMETERS OF ROADBED OF SILTY SOILS IN
REGIONS I AND II OF ROAD-CLIMATIC ZONES WITH AID OF A COMPUTER

Trud atogo Soveshchaniya-Seminara I. A. Zolotar'
Obpenu Opytom Stroitel'stva y Suroyykh (Military Academy of Transport
Klimaticheskikh Usplovivakh (Transactions and Rear Echelon, Leningrad)

of Fifth Conference-Seminar on Exchange
of Construction Experience under Severe
Climatic Conditions), Materials of Sec-
tion on Road-Transport Construction, Vol
7, No 1, Krasnoyarsk, 1968, pp 21-37]

In planning and building the main transport trunk roads in regions I
and II of the road-climatic zones, it is necesdary to solve the question con-
cerning the opportunity of applying the local cohesive soils for building a
roadbed. The unjustified disregarding of these soils causes an excessively
high cost of construction. However, the indiscriminate use of local cohesive
soils (usually silty sandy loams and loams) without considering their moisture-
conducting properties and the goil-hydrologic conditions can lead to an inade-
quate strength of road designs and to intolerable values of heaving and sete
tling.

In our reports [2, 3, 12a) and also in the reports compiled by the
Omsk branch of Soyuzdornii [12b, 12c, 12d], we have established the principles
of evaluating the suitability of the indicated soils for building a roadbed on
main highways; we have presented the appropriate formulas and nomograms for
calculating the average moistness of roadbed soils in the calculated spring
period (Wg,ves), the determination of expected heaving (h,) and settling (S).

However practical experience gained in planning has shown that the introduc-
tion of the procedures developed is hampered by the formula setup and the un-
wieldiness of the computation process.

At the present time, we are planning several main transport highways of
considerable length (BAM, the Tyumen'-Surgut line, and others) for which the
successful solution to the problem of utilizing the local cohesive soils can



-

bring about a considerable savings in government resources. For such extended
routes, it will be necessary to perform calculations on predicting the moisture
content, strength and deformation-type parameters, heaving and settlement of
the roadbed for a large number of design sections. Such work will require
considerable time and therefore will not always be carried out. To facilitate
the evaluation of the suitability of local cohesive solls in the roadbed and

in planning the road designs, the author's method discussed in report [10]

was converted to an algorithm, was programmed [See Note] and solved on the
Ural-4 computer for more than 150 points in the USSR territory ([Note]: The
programming and solution of the problem were performed by V. N. Gladkikh).

In developing the algorithm, we were required to average the character-
istics of the soils with the identification of typical differences, since
otherwise th- number of variants to the problem's solution would have been ex-
tremely large. The evaluation of the soils' fittness for building a roadbed
was conducted for two standard types of soils, i.e. silty sandy loams and
silty loams. The segregation of several standard soil types is typical for
all operations with averaged strength and deformation-type parameters of
roadbed soils [7, 9].

Based on reports by V. I. Birulya, N. A. Kless [8], N. S. ILvanov [6],
V. M. Sidenko [11], Soyuzdornii [9] and the author [2], we succeeded iu es-
tablishing the averaged parameters listed below for the silty sandy loams and
loams and in deriving formulas for transferring from soil moistness to its
strength and stress indexes.

Wy
Wr
where: wo and Wy = respectively the optimal moistness at the flow point.

%:0.83 (2)

=0.66 (1)

where: W,, = molstneas correspording to the total moisture capuacity at stan-

dard (optimal) compactness.
2. Hh/HT = 0.34 (3) - for silty sandy loams.
Wh/HT = 0.39 (4) - for silty loams.

where: Wh = moistness (based on liquid phase) at limit of primary ice separa-

tion (at temperature of -0.5 - -1.0°C).
3. an/WT = 0.25 (5) - for silty sandy loams;
Wog/Wp = 0.27 (6) - for silty loams,

where: W,¢ = moisture content corresponding to nonfreezing water and tempera-
ture -10°C.

0=
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4. T‘! - 0.53/“1. (7) - for silty sandy loams;
f’.l' - 0.58/HT (8) - for silty loams,

where: rT = weight by volume of skeieton of optimally compactel soil prior
to freezing, g/cem.

5. By = 217/04, Pt
I.'y = 133/(‘1 apr/ )2 -68 (10) - for silty loams,

A (9) - for the silty sandy loams;

where: By = elastic modulus of soil, kg/cmz; H‘Ptav = average moistness of

roadbed soil in spring in the layer H‘ = 50 cm lying directly under the road
covering.

6. C=0.33 - (W'Pr.vlw.r - 0.56) (l1) - for silty sandy loams;
C= o.oall(wtprw/w,r)‘““s (12) - for silty loams,
where C = adhesion, kg/mz.
7. 9() - 16.4/(w'1"w/w-r)1.18 (13) - for silty sandy loams;
Y = 7.76/(w'P'“/w.r)2'31 . (14) - for silty loams,
where: Zf = angle of internal friction in degrees.
Equations (1) - (8) were utilized in the derivation of the basic for-

mulas presented below, suggested by the avthor [4, 10] for predicting the
average moistness in the limits of the H, layer and the amount of heaving

in the roadbed soil under conditions of the latter's moistening from beneath
from the level of ground above-frost or surface water.

For a determination of the average autumn moistness (W:::t ) at T, < 0.25:

v W’ 4-&‘.’- ,ﬂ° ...__1_ ¢
w1 extef (104 } 2 VE;_]
(1 ”‘)ez,!c[(l Ho ) i+ 22 -
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Also at T,y Z 0.25:
4 0C e o’ y
Wep - Wo 4 8 .ﬁf}.‘gm{_?{.id. 3
TR T4 w2l Ha & He/
Wos - Wo ‘ (16)

Fow
exp (-7° 57 )
where: the criterion of autumn moisture accumulations:
F -y /<l . T&ﬂ

o~ T AZE (17)

K, = coefficient of soll moisture conductivity determined experimentally

{2, 8, 10]; Qﬁﬁn = length of moisture buildup period calculated for the zero
points and excavations based on the meteorological parameters of the region
[3, 4]; Hy = distance from top of roadbed to level of round, above-frost or
surface water established during the period of surveying. The reduction in
the time period 1; for the embankments (as a result of additional evapora-
tion of moisture through the slopes) was considered approximately based on
reports (4, 10].

For determining the average moistness of roadbed soil toward the end
of winter:

-,

e -y . vy EC . o) o & .-,4
‘:"/c,o : ‘V'!/f"., -9( W"O - ) eocPl s ) \

Vi A-erfe(A)
A CJ "C' V' ?5a '
- ’
T 2Hs Y7,
where: L = characteristic of freezing rate of road construction determined

by heat-engineering calculation according to the method suggested in reports
{2, 3, 10].

(18)

In developing an algorithm for the problem, we adopted the following
standard design of road covering:

a double-layered asphalt-concrete covering 9 cm thick;
an underlying ballast layer 18 cm thick; and
a sandy base with a thickness of 16 cm,

The thermal-physical parameters of the indicated layers having been
utilized in calculating .,/ are listed in Table 1.



Table 1

Name of material Heat conductivity llcat of ice Volumetric heat
In layer factor A, kcal/m, formation, Q, capacity, C,
oc, krs kcal /m3 kcal/m3, °C
Agphalt-concrete 0.60 400 850
Ballast 0.70 2750 350
Sand _1.00 7000 400

For the roadbed soil, the values Q and C were computed with the aid of
the known formulas [2, 6, 10] transformed by us in application to the standard
parameters (7".1.; an) of the silty soils under consideration

Q= vvoo0o (I!me'/é.//,-) -/11S 00 (19)

¢ =380+ 1750w, n) 20)

For determining the heat conductivity factor of roadbed soil in a frozen
state, based on report [6), we derived the formula:

N=0.3+3.9 (wg, "‘/L-:',—) (21)

The parameter for the freezing rate /was computed from the equation:
”w =

3
/C K /L,‘_/_. ¥/ ( , , /L.,)'B//
- R (22)
. n-3
where: ’( = freezing time of soil to depth /L‘,. /—(ﬂ"‘ 4 ) and in
< ¢ 3,7
¢ =/

its turn h_ _ = critical freezing depth of roadbed according to N. A. Puzakov
cr n<3
(assumed to equal 120 cm); ( =T /z")

« !

b depth of soil layer equivalent

from a heat standpoint to a multi-layered road covering. The determination

-
of (3: hi)3 was conducted according to the method of V. V. Dokuchayev [1]

from E?\é equation:

24 7, 1 -
/l‘-;} . S ,—/'-‘-’—ru //ﬁ'_' () -:"'-
( >, /”)J/I T ‘ A d) (23)

¢z
where: H.p = freezing depth of roadbed soil for the entire freezing period

(T,,/,); and H,, “2’
layers for this same period with duration Tnp'

Hy = freezing depth of corresponding materials in the



The values H,, H;, H, and Hy were calsulated for the Qi, Ci and Ai-

values corresponding to each material from the relationship validated in

report [2]:
.H' - Tnp .
T Bt (Q’c“i,,»g”l'n,, )

\/)5 (B ZOM Tp” a8 Ce ( a: Qa2.Cc Z.a

(24)

where the climatic factors a and b were established for each point of design
from the relationships [2]:

' 4 Q min (25)
Q= - ?
‘Z’?
8_ 4‘:‘@ men (26)
S

and in turn, Q min = the minimal average monthly air temperature during the
winter (based on mean many years' weather data).

1f during the calculations, the condition

;ka) (Z /LL))” 77/‘/3n, (27)

occurred, tne . -value was computed_from the formula:

AL = w/ l’c (28)

The two-dimensional state of the problem of freezing for embankments
(influence of slopes) was considered approximately on the basis of the given
reports [1, 4] by multiplying the obtained value of Lby the factor 1.l.

For determining the amount of heaving, we utilized the equation:

hoh Lﬁ 03 (WCP Wass)-(Wha- ..,)] (29)

where: h = freezing depth of goil 1in roaavea aetcimiued by heat-engineering
calculation, h = h ., or f=/ .ﬁ_ ,4/ . = weight of water by volume;
n win

W,y = average soil moistness in Ha layer toward the end of winter.



Utilizing the equations (1-8), Eqs. (15, 16, 18) and (29) in the algo-
rithm of the problem were reduced to the form:

W spazr (11 expelt-f8)

1 1./ -_fi!].(77 e /(- He ..JL__]}4
z‘m:/'(" [ )5W2 0
2\//?;.' Hes2 |

V7~ 0xP[4’FoH - ﬁ?}]

0.1:,0-[’7,’/:'—,,; ;/h; /]} }}

for T, = 0.25

-’%‘L -.-056'9,27[[,“///5/ . 2// n{{;} p/]-z%,)] (31)

W‘"l_ , exp(ﬂzj
= 03/*{# OSQ)WZ/,QZ){C[@

- for silty sandy loams
3-n exp(-/]’)
PR3 () e @
- for silty loams.

nm
34
/Lo = AL 0,53 [l,()!l ( v%{;[’_n__r",)_(n_a,'q_r..-_f-;} (34)

-]

(32)

- for silty sandy loams.
3m.

ho: 2——05,:[:{09( o5 021)-(¢,83- 027)_/

- for silty loams.

(35)

The average spring moisture content of roadbed soil was established from

the relationship
We,. W (36)
"1"

As an example, in Tables 2-3 we have presented the results obtained from
solving the problem for two points located in I (Dudinka) and II (Irbit) road-
climatic zones.
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With the aid of these tables, wc casily solve a number of problems which
are important for the planning and construction of highways.

1. An evaluation of the suitability of local cohesive soils for build-
ing a roadbed, proceeding from an avoidance of inadmissible heaving.

2. Determination of required height of fill based on the same criterion.

3. The establishment of design values for the strength and stress
parameters of roadbed soil of the adopted design, required for planning a
road covering and calculating the roadbed stability.

4, Prediction of strength and stress parameters of roadbed soil in the
existing roads.

5. An estimation of the possible amount of heaving on the existing roads.

6. A determination of soil freezing rate in the roadbed in the interests
of organizing operations and utilizing the existing highways.

7. Finding the optimal type of road design.

Let us examine a procedure of solving these problems in the sequence
shown in Table 3 for the Irbit Rayon.

1. Let us assume that based on the samples taken during the period of
surveys based or the available procedure [10], we have determined the moisture
conductivity factor K; of silty loam. Its value proved to equal K; = 5.6
ww2/hr. In the period of surveys, the mossy-vegetative cover was severely
dcmaged within the limits of the right-of-way. The level of ground water was
Jocated at depth ngw = 50 cm from the surface. The intent is to build a
radbed in the embankments with the subsequent construction of light improved
wovering. We are required to assess the suitability of local soils for build-
ing the embankments.

In connection with the planned construction of a light-weight improved
covering, the value of total hcaving according to N. A. Puzakov [12e] should
not exceed 6 cm. Considering each scction of Table 3 (at actual Hg-values)

by column corresponding to the amount of heaving of embankments made of loam
equalling 6 cm, we easily find that the maximally permissible value of Kl

equals 5.59 cmzlhr for Hg = 150 cm. Consequently the indicated soils char-
acterizing K} = 5.6 cmZ/hr can be utilized in a revetment for H,4Z 150 cm,

i.e. at the latter's height H, > Hg - ngw = 150 - 50 = 100 cm.

In the algorithm of the problem, we have adopted the condition of esti-
mating the moisture-conducting properties of soil in the zone by a unified
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moisture conductivity factor, K;. Such an assumption, valid for the zero

points and excavations, is approximate in application to embankments. For
the conditions of the example which is being solved, in connection with the
disturbance of the mossy-vegetative cover and the slight depth of soil layer
from surface to the LGW (50 cm), its application is also fairly valid es-
peclally if we consider the compaction of the soil in the base to the LGW
under the effect of the weight of the fill and the passing traffic. For
other conditions (having preserved the mossy-vegetative cover and a consid-
erable depth of soil layer from the surface to the LGW or above-frost water),
a more precise formulation and solution to the "three-layer' problem has been
given in the report by R. Z. Poritskiy [l12d]. However, a refinement of the
importance of the inaccuracy permitted by us in the one-dimensional "single-
layer" problem as compared with the results for the "three-layered" problem
is still a question for the future.

The investigations condcted by R. Z. Poritskiy [l12d] indicated that
the mossy-vegetative layer having been retained in the base decreases the
inflow of moisture into the body of the embankment from the cohesive soils.
Therefore, the "single-layer" system adopted by us in developing the algo-
rithm in any case conditions the reserve in the quantitative values of the
parameters printed on the page of output data (Tables 2-3).

2. The determination of the required height of f£ill in the example
under discussion in essence has already been conducted. (Minimal H, = 100
cm).

3. The design values of the strength and stress parameters are deter-
mined from Table 3 in the following manner:

a) For H, = H ,- ngw=150 - 50 = 100 cm

B, = 198 kg/cm?, = 11°, C = 0.08 kg/cm?

b) For H, = H, - ngw = 200 - 50 = 150 cm. The value closest to that
established experimentally Kl = 5,6 cm2/hr is found for the embankments in

Table 3 (at H, = 200) K, = 5.52 cm?/hr.

From the column corresponding to K} = 5.52 cmzlhr, we easily establish
that Ey = 284 kg/cm2, (/= 15° and C = 0.14 kg/cn?.

As is evident from Table 3, with an embankment of a given height, heav-
ing 1s absent.

c) For Hy= Hg4 - ngw = 250 - 50 = 200 cm. Interpolating in Table 3
between the values K; = 5.18 em?/hr and K; = 6.90 cm?/hr, we find for K =

= 5.60 em?/hr, Ey = 359 kg/cm?, ¢/ = 18° and C = 0.21 kg/cm?. As in the
previous case, heaving h, = 0.
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4 and 5. For predicting the strength and stress parameters of the road-
bed and also the heaving values, it is necessary to know:

design of roadbed (excavation, fill); type of soil (sandy loam, loam);
distance of bottom of road covering from LGW (Mg ); and value for the moisture
conductivity factor K;.

Thus for a road section with a stagnation of surface water, possible
during the fall, at the foot of the roadbed built in an embankment with a
height of 75 cm of silty sandy loam with K; = 2.50 cm /hr we find at Hg=

= 75 cm

E, = 88 kg/cm? [See Note] and H, = 8 cm ([Note]: In Tables 2-3
in the columns where data are lacking for and C, in the column of moduli,
we indicate the stress moduli E, based on the relationship Eo'g 1/3 Ey).

6. Since in the output data, we have the valueosl, at any time we can
easily find freezing depth 7 of the roadbed with the aid of relationship
following from (22):

han-Ld VT - ( L,Z:/ci)sn (37

7. The quest for an optimal road design can be conducted based on the
method developed by V. M. Sidenko [11], proceeding from providing the minimal
overall cost of roadbed and road topping. To a fixed height of embankment
H, (or Hg -value for excavations and zero points),there correspond the actual
cost of roadbed (crb) and the inherent stress and strength parameters which can

readily be found from the tables analogous to Tables 2-3. Furthermore, for
each magnitude of values H, or H, with the aid of the available methods, we
determine the design and then the cost of the road covering (Crc). It is evi-

dent that we can find tie road design for which there will occur min (Crb+Crc).
Tables similar to 2-3 have been utilized successfully by the Lengipro-
trans.

In planning the roadbed for the permafrost regions, we should remember
that the consideration of its strength and stress parameters is inadequate.
On the thawing of ice-saturated soils of the base under the £ill, additional
settlements exceeding those permitted can develop. It is also necessary to
check an embankment of planne. height (H,) for subsidence. The latter can
be determined on the basis of the available [words illegible] [l12a, l2c].

If the anticipated settlement exceeds that permitted, we can increase
the height of fill or introduce into the composition of road design the
layers of heat-insulation, determined with the aid of tables, similar to
2-3 the new parameters of the roadbed (E, ; Ey; tf ; C; H,); we can also
calculate the value for the depth of road covering, and based on a heat-
engineering calculation of thawing, we can compute the value for the roadbed
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settlement. At the present time, this problem, namely calculating the thaw-
ing of a multilayered road construction and base with the establishment of

the anticipated settlement has also been programmed. The algorithm and the
program for the problem envisage an alternate solution to the problem (various
layers of the road covering and height of embankment) in each actual example.
In addition, on the printout on the output data sheet, there will be shown the
heat-physical parameters of the roadbed soil and of all layers in the road
covering (2; C; Q). At the basis of finding A , we place the theoretical
method discussed in report [5] and confirmed experimentally. The primary
materials from the calculations on the computer for the thawing and determin-
ation of road construction settlements will be presented to the conference

in Tyumen'.

The adoption of the computer into the planning of road designs into the
regions of permafrost and severe climate will favor the formulation of plan-
ning the highways on a higher scientific level.
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